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atmosphere a r e  examined. It is shown, t h a t  photochemical r e a c t i o n s  

l e a d  t o  a high r a t e  of n i t r o g e n  format ion  a t  200 t o  300 kril a l t i t u -  

des .  On tile b a s i s  of expe r imen ta l  data an e s t i m a t e  is made o f  t h e  

number of  n i t r o g e n  atoms i n  t h e  atmosphere column above 200 km. 

The d i s t r i b u t i o n  o f  N c o n c e n t r a t i o n  wi th  a l t i t u d e  is o b t a i n e d .  

COVER-TO-COVZR TRNTSLATION --- -__ 

The q u e s t i o n  o f  chemical composition of t h e  atmosphere a t  

a l t i t u d e s  beyond 150-  200 k m ,  and o f  n i t r o g e n  d i s s o c i a t i o n  i n  

p a r t i c u l a r ,  c o n s t i t u t e s  one o f  t h e  most impor t an t  problems of upper 

atmosphere phys ic s .  

inasmuch as t h e  d i s s o c i a t i o n  c o e r ' f i c i e n t  o f  t h e  n i t r o g e n  

molecule by d i r e c t  e f f e c t  of s o l a r  r a d i a t i o n  

NI + hv+ N + N 
is v e r y  s m a l l ,  and c o n s t i t u t e s  about 10  -1 2 s e c - l  [l], t h e  N2 

d i s s o c i a t i o n  cannot p l a y  a s u b s t a n t i a l  p a r t  i n  t h e  upper atmosphere. 

N i c o l e t  p o i n t e d  t o  t h e  d i s s o c i a t i v e  recombina t ion  r e a c t i o n  o f  t h e  
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.. 2. 

i o n s  TI> ( s e e  r e f .  [ 2 ] >  : 

as a p o s s i b l e  sou rce  o f  atomic n i t r o g e n  a t  g r e a t  a l t i t u d e s .  

However, t h e  absence to-da te  of  d a t a  on i o n  c o n c e n t r a t i o n  i n  

t h e  atmosphere and on t h e  c o e f f i c i e n t  of  t h e  r e a c t i o n  (1) r a t e  

d i d  n o t  a l low a q u a n t i t a t i v e  i n v e s t i g a t i o n  o f  t h i s  q u e s t i o n .  

The r e s u l t s  of t h e  s t u d y  of t h e  i o n i c  composi t ion o f  t h e  

atmosphere i n  t h e  100 -500 k m  a l t i t u d e  range c a r r i e d  o u t  by 

V. G. I s tomin  13,  4,  51 with t h e  a i d  of  geophys ica l  r o c k e t s  and 

i n  t h e  t h i r d  S o v i e t  a r t i f i c i a l  s a t e l l i t e  o f  t h e  Xar th ,  have shown 

t h a t  NO+ and N; i o n s  e x i s t  a t  

q u a n t i t i e s  . By t h e i r  combinat ion 

r e a c t i o n s  (1) and (21, t h e y  l e a d  

NO+ + e - + N + O  

t h e s e  h e i g h t s  i n  s u b s t a n t i a l  

with e l e c t r o n s  acco rd ing  t o  t h e  

t o  n i t r o g e n  atoms fo rma t ion  : 

The c o e f f i c i e n t  of t h e  d i s s o c i a t i v e  recombinat ion rate (1,2), 

l a t e l y  has  been measured expe r imen ta l ly  s e v e r a l  t imes  [ 6 ,  77, 
l e a d i n g  t o  t h e  value cm3 s e c  . Bes ides ,  t h e  r e a c t i o n s  -1 

O++N2+NO++N, . 
N'+ N1+Ni + N, 

(3) 

(4) 

examined i n  r e f e r e n c e s  [8, 91 as the source  o f  i o n  NO+ 

f o r m a t i o n ,  a l s o  lead t o  t h e  format ion  of  n e u t r a l  n i t r o g e n  atoms. 

L U ~ L . ~ L U L . ~ ,  tile tot& r a t e  of atomic n i t r o g e n  iormat ion  a t  t h e  

and N; 

m,. - .. . r. - 

g iven  a l t i t u d e  i n  cm 3 p e r  second i s  equa l  t o  t h e  sum of r e a c t i o n  

ra tes  ( l ) t h r o u g h ( 4 )  : 

= v1 + v2 + v3 + v4. viorrn* 
Inasniuch as accord ing  t o  b,? 3 
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where Q is t h e  c o e f f i c i e n t  of  t h e  d i s s o c i a t i v e  recombina t ion  

r e a c t i o n  r a t e .  The computed magnitudes VN a r e  t a b u l a t e d  here- 

a f t e r  

t'orm 

1 !io 

500 

The magnitude ne is t aken  accord ing  t o  t h e  expe r imen ta l  

d a t a  of  r e f e r e n c e  C l O ) .  It may be seen  from t h e  above t a b l e  t h a t  

t h e  r a t e  of atomic n i t r o g e n  format ion  as a r e s u l t  o f  ion-exchange 

r e a c t i o n s  is r a t h e r  h igh .  It is necessa ry  t o  s t r e s s  t h a t  t h e  o b t a i -  

ned h igh  v a l u e s  VN 
mechanism of i o n  

t h e  observed  c o n c e n t r a t i o n s  of  t h e s e  i o n s ,  and t h e  e x p e r i m e n t a l l y  

o b t a i n e d  c o e f f i c i e n t  of t h e  d i s s o c i a t i v e  recombina t ion  rate.  

do n o t  depend e s s e n t i a l l y  on t h e  proposed 

NO+- and N; fo rma t ion ,  b u t  a r e  o n l y  based upon 

There a r i s e s  a n a t u r a l  ques t ion  about  t h e  mechanism of 

n i t r o g e n  atom v a n i s h i n g ,  which under t h e  e q u i l i b r i u m  c o n d i t i o n s  

should compensate t h e  N f o r m a t i o n :  

N i c o l e t  [ 2 ,  113 expres sed  more t h a n  once t h e  i d e a  t h a t  t h e  

v a n i s h i n g  o f  n i t r o g e n  atoms t a k e s  p l ace  i n  t h e  atmosphere a l o n g  t h e  

sys t em o f  r e a c t i o n s  : 

Besides, f o r  t h e  e x p l a n a t i o n  o f  atomic n i t r o s e n  recombina- 

t i o n ,  t h e  fo l iorJ ing  r e a c t i o n s  were propose6 by v a r i o u s  a u t h o r s  : 
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N + N + N2 + hv, 

N + N + M + N2 + M' 
1 .  N+O+M--+NO+M' 
2. NO+N-+N,+O -} 

IIowever, t h e  sys t cm of  r e a c t i o n s  ( 6 )  can h a r d l y  p l a y  any 

somewhat s i g n i f i c a n t  r o l e  i n  t h e  atmosphere above 200 k m ,  inasmuch 

as a c c o r d i n g  t o  contemporary concep t s ,  mo lecu la r  oxygen is s t r o n g l y  

d i s s o c i a t e d  as of 150 - 160 k m  a l t i t u d e s .  The r e a c t i o n s  ( 8 )  and 
( 9 )  cannot  be s u f T i c i e n t l y  e f f e c t i v e  a t  great a l t i t u d e s  e i t h e r ,  €or  
even 1-litra E121 has  a l r e a d y  shown, t k a t  t h e  t r i p l e  c o l l i s i o n  

r e a c t i o n s  a r e  on ly  s i g n i f i c a n t  t o  80 - 90 k m  a l t i t u d e s ,  t h e i r  e f f e c t -  

i v e n e s s  droplkng s h a r p l y  above t h a t  range. As t o  t h e  r e a c t i o n s  

a n d  ( g 2 ) ,  t h e i r  r e a c t i o n  r a t e  is r a t h e r  h i g h ,  and c o n s t i t u t e s  

cm3 sec'l.  Eowever, acco rd ing  t o  expe r imen ta l  d a t a  15131 
t h e  atmosphere l a c k s  somewhat s i g n i f i c a n t  ba lanced  NO concent ra -  

t i o n s ,  wh i l e  t h e  corresponding- r e a c t i o n s  (6,) and ( 9  ) a r e  i n e f f e c t -  

i v e  . 
T h e r e f o r e ,  t h e  on ly  a p p a r e n t l y  r e a l  m E y  o f  atom N v a n i s h i n g  

( 6 2 )  

1 

i s  t h e  recombina t ion  r e a c t i o n  w i t h  emiss ion  ( 7 ) .  
I n  o r d e r  t o  o b t a i n  a c o n c e n t r a t i o n  o f  atomic n i t r o g e n  a t  

t h e  examined a l t i t u d e s ,  while l a c k i n g  r e l i a b l e  data on t h e  r e a c t i o n  

r a t e  c o e f f i c i e n t ,  l e t  us proceed i n  t h e  fo l lowing  manner : L e t  us 
p o s t u l a t e  t h a t  a t o a i c  n i t r o g e n  c o n s t i t u t e s  one h a l f  o f  t h e  t o t a l .  
d e n s i t y  a t  500 krn a l t i t u d e ,  which cor responds  t o  [N] 500 = l o 8  '10 7 3  cm'. 

Then, c o n s i d e r i n g  from t h e  e q u i l i b r i u m  c o n d i t i o n ,  t h a t  r e a c t i o n  ( 7 )  
;e nncnnrrc;l..l h 4.1- zr ...-*<-'.<-- ...- - L L - 2 -  . 
A" * - " y " A A " a . " L b  &"I V U * l & L D - l . I . L A t j  V + L  U U b U I 1 1  

where 

VNfO+"lvfe m a y  f i n d  from (10)  f o r  500 km: 
i s  t h e  c o e f l i c i e n t  o f  r e a c t i o n  ( 7 )  r a t e ,  Knowing [N] and 

C o n s i d e r i n g  t h e  oac;nitude CY, as c o n s t a n t  f o r  a l l  , a l t i t udes ,  

one may f i n d  from (10) t h e  va lue  [N] f o r  all t h e  examined a l t i t u d e s  
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according t o  the  value of VN brought o u t  i n  t he  Table:  

The o b t z i n e d  c o n c e n t r a t i o n s  of atomic n i t r o g e n  cannot  be 

s u b s t a n t i d l y  changed, a t  l e a s t  i n  the  s e n s e  o f  i n c r e a s e ,  d e s p i t e  

t h e i r  b e i n g  based upon an a r b i t r a r y  choice  o f  t h e  magnitude [,] 
If i n d e e d  we t a k e ,  s a y  a t  400 km a l t i t u d e  a c o n c e n t r a t i o n  N twice  

a s  g r e a t  as t h a t  b rought  o u t ,  t h e  c o e f f i c i e n t  w i l l  d e c r e a s e  

4 t i m e s ,  while t h e  co l l cen t r a t ion  o f  N i n c r e a s e s  twofold  a t  all 

a l t i t u d e s ,  and t h e  atomic n i t r o g e n  w i l l  t h u s  become t h e  o n l y  compo- 

n e n t  of t h e  atmosphere a t  500 km a l t i t u d e .  G r e a t e r  i n c r e a s e s  o f  [N] 
at  l o n e r  a l t i t u d e s  w i l l  l e a d  t o  s t i l l  s h a r p e r  c o n t r a d i c t i o n s  between 

[N] and t h e  t o t a l  d e n s i t y  i n  t h e  400- 500 k m  a l t i t u d e  r ange .  

500' 

7 

On t h e  o t h e r  hand, t h e  on ly  way o f  check ing  t h e  v a l i d i t y  

of t h e  o b t a i n e d  q u a n t i t y  o f  I? i n  t h e  atmosphere column c o n s i s t s  

i n  t h e  fo l lowing  r e z s o n i n g :  There is i n  t h e  s p e c t r a  of solar ultra- 

v i o l e t  r a d i a t i o n ,  o b t a i n e d  at 200 km d u r i n g  r o c k e t  l aunch ing6  1141 
a r e l i a b l y  i d e n t i f i e d  atomic n i t r o g e n  l i n e  1200 A ,  cor re spond ing  

t o  n i t r o g e n  atom's 4S0 t r a n s i t i o n  t o  t h e  b a s i c  l e v e l .  Knowing t h i s  

l i n e ' s  i n t e n s i t y ,  o b t a i n e d  i n  t h e  spec t rogram,  r e l a t i v e  t o  t h a t  of 
t h e  L d l i n e ,  which does n o t  undergo n o t a b l e  a b s o r p t i o n  a t  t h e s e  

a l t i t u d e s ,  and hav ing  taken  t h e  va lue  of 3 erg/cm s e c  f o r  t h e  l i n e ' s  

L, i n t e n s i t y ,  we o b t a i n  f o r  t h e  value o f  l i n e  Lo( i n t e n s i t y  a t  
200 Itm a l t i t u d e ,  t h e  magnitude 0.03 erg/cm s e c .  The s s t i m a t e  of  

t h a t  l i n e ' s  i n t e n s i t y  beyond t h e  l i m i t s  of t h e  t e r r e s t r i a l  atmosphe- 

r e ,  made on t h e  b a s i s  o f  t h e  v;ork c1.51, g i v e  t h e  magnitude o f  0.015 

t o  0.020 erg/cm s e c .  The comparison of bo th  i n t e n s i t i e s ,  hav ing  a 

2 - 3 t i n e s  p r e c i s i o n ,  shows t h a t  t he  l i n e  1200 1 is absorbed  i n  

t h e  atmosphere t o  200 km a l t i t u d e  no more t h a n  2 t imes .  

0 

S t a r t i n g  from t h e  f o r n u l a  of emiss ion  l i n s  a b s o r p t i o n  [16] 

where 
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i t  is  easy  t o  o b t a i n  t h e  e s t i m a t e  of  t h e  upiJer l i m i t  of atom N 

q u a n t i t y  i n  t h e  atmosphere column above 200 k m .  C a l c u l a t i o n s  g i v e  

f o r  t h e  1200 l i n e  : 

N p  < 2.1O%k/cd. I 

If we add t h e  magnitudes EN] brought  o u t  i n  t h e  g iven  work, 

w e  o b t a i n  t h e  f o l l o w i n g  q u a n t i t y  of atoms i n  t h e  column f o r  200 k n :  

which does n o t  c o n t r a d i c t  t h e  prev ious  magnitude w i t h i n  t h e  1in;its 

o f p r e c i s i o n  . 
The o b t a i n e d  r e s u l t s  may be i n t e r p r e t e d  as fo l lows  : 

t h e  n i t r o g e n  d i s s o c i a t i o n  a t  a l t i t u d e s  below 400 k m  i s  s m a l l  

atomic n i t r o g e n  becomes t h e  e s s e n t i a l  atmosphere component o n l y  at 
500 k m  a l t i t u d e  and above. The course w i t h  a l t i t u d e  of a tomic  n i t r o -  

gen c o n c e n t r a t i o n  is about c o n s t a n t ,  and t h e  OS;: lined c o n c e n t r a t i o n s  

of N a F p a r e n t l y  c o n s t i t u t e  t h e  upper l i m i t  of  p o s s i b l e  v a l u e s  [NJ. 

- t h e  

The mechanism of atomic n i t r o g e n  recorabination proposed by 

N i c o l e t ,  cannot  a s s u r e  a s u f i i c i e n t  r a t e  o f  n i t r o g e n  atom v a n i s h i n g  

a t  300 t o  400 k m  a l t i t u d e s ,  where these  a t D m s '  r a t e  of fo rma t ion  is 

maximum, s i n c e  t h e r e  is p r a c t i c a l l y  no n o l e c u l a r  oxygen a t  t h e s e  

a l t i t u d e s ,  Reac t ion  ( 7 )  is capable  of p r o v i d i n g  t h e  n e c e s s a r y  r a t e  

of N v a n i s h i n g  at all a l t i t u d e s  and f o r  a h igh  c o e f f i c i e n t  of t h e  

rate N7 , o f  t h e  o r d e r  of low1' crn s e c  

a r e  o t h e r ,  s t i l l  unknown mechanism of  atomic n i t r o g e n  recombina t ion  

in Lilt: airllospiiere, capabie oi equiiilrdiiug w e  iiig:ii r d t e  of Ti 

fo rma t ion .  

3 -1 . It is p o c s i b l e  t h a t  t h e r e  

1 1  

The f a c t  t h a t  t h e r e  a r e  i n  the  n i g h t  sky glow atomic n i t r o -  

gen l i n e s  is n o t  i n  c o n t r a d i c t i o n  with t h e  o b t a i n e d  low N concen- 

t r a t i o n s  i n  t h e  200 - 400 k m  a l t i t u d e  r a n g e ,  inasmuch as t h i s  glow, 
as shown i n  [17], is  we l l  exp la ined  by t h e  r e a c t i o n  of i o n  N: 

d i s s o c i a t i v e  recombina t ion .  S i m i l a r l y ,  t h e  presence  i n  t h e  atmosphere 

o f  N'ions may be exp la ined  by t h e  d i s c o c i a t i v e  i o n i z a t i o n  o f  mole- 

c u l e s  N2[18) : 
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N2 + hv --c N + +  N + e 

wi thou t  r e s o r t i n g  t o  s i g n i f i c a n t  concen t r a t ions  o f  a tomic n i t r o g e n .  

I n s t i t u t e  of Applied Geophysics 
o f  t h e  

USSR Academy of S c i e n c e s  

Entered  on 24 February 1961 

T r a n s l a t e d  by AIVDIiE L. BRICHANT 

for t h e  

NATIONAL AERONAUTICS AiiD SPACE ADMINISTRATION 

A P R 9  1362 

References follow.. 



- * t  - ... ., 

R E F E R E N C E S  

1. D. R. BAT%. Ann. Geophys., 8, 194, 1952. 
2. M. N I C O L E T .  Ann. Geophys., 15 (11, 1, 1959. 
3.  v. G.  ISTGIXIT. ISZ (AES) ,  vyp. 4,171, 1960. 
4. V. G. ISTOIIIN. ,  Isz (AILS), vyp. 7, 1961. 
5. V. G .  1STOI:IN. Dok l .  A.N.SSSR, 129 (11, 81, 1959. 
6. 1:. B. RRY I:, E!. B. JrIOLT, 0, OL9ENREIIG. Fhys.Rev., 106,  83, 1957. 
7. E. P. R I k L R C X Z ,  L ,  4. GOUGCL, ,  J .  Ceophys.aes, 63, 3,  539, 1958. 
8. h. r). D!nTILOV., I S Z ( U S ) ,  V. 5, G C ,  1960. 
9. A. D. D L N I L C V . ,  I S Z ( A E S ) ,  V. 8,  1961. 
10. h. I. GI?INGAUZ. ,  Dolil.  A.N.SSSR, 

11. :.I. PTICOLET. The E a r t h  as a T l a n e t ,  p. 644, 1953. 
12 . S.  IC. I I I T R L .  Verkhnyaya a tmosfera  (UpiJer Atmosphere ) , IL , 1955. 
15. A. S. JURSA, Y, T l J - X A ,  LE R L J S ,  P1. Sp. S c i .  1, 3 ,  1959. 
14.  T. V I O L E T T ,  W. X N S E .  J .  Geo,hys. Zes. 130 (31, 954, 1959. 
15. G ,  S. IVAPJOV-KHOLODNYY, G .  1:. N I K O L ' S Z I Y ,  Astron.Zh, 38, 45, 1961. 
1 6 .  V. V. l;:'.TYUSRINL. IZV. A. N.SSSR, 10 ,  1960 ( s e r . g e o f i z i c h e s k a y a )  

17. A .  D .  D l J J I L G V .  Geomaznetizm i Aeronomiya, T . 1 ,  No.1 ,  

18. D, R. B h W S .  Proc. Roy. Sci., A253, No. 1275,452, 1959. 

120 ( 6 ) ,  1234, 1958. 

45, 1961, 


